Background: The utility of fecal calprotectin (FC) in small intestinal Crohn's disease (CD) is unclear. We examined how reliably FC reflects clinical and mucosal disease activity in small intestinal CD, colonic CD, and ulcerative colitis (UC). Methods: A total of 72 Inflammatory Bowel Disease (IBD) patients (23 colonic CD, 14 isolated small intestinal CD, and 35 UC) were included. Clinical activity was assessed using the Harvey-Bradshaw Index (HBI) (CD) and Mayo score (UC). Inflammatory activity was assessed through ileocolonoscopy, cross-sectional imaging, C-reactive protein (CRP), and FC. Clinical activity was defined as HBI > 4 or Mayo clinical score ≥ 3. Endoscopy activity was defined as Mayo endoscopic subscore ≥ 1, SES-CD score ≥ 3, and Rutgeerts > i1. Results: In UC, FC was correlated with the Mayo clinical score (P < 0.0001) and was highly correlated with the total Mayo score (P < 0.0001). A cut-off value of FC 100 μg/g provided sensitivity of 88% and specificity 100% for endoscopic activity. FC was lower for patients with endoscopic and clinical remission compared to active endoscopic disease (median 100 vs 1180 μg/g, P < 0.0001). In colonic CD, there was a significant correlation between FC and endoscopic activity (P < 0.001). For an FC cut-off value of 100 μg/g, sensitivity was 100%, and specificity was 67%. In contrast, for isolated small intestinal CD, there was no significant correlation between FC and objective disease activity measured by either endoscopy or imaging (AUC 0.52, P = 0.58). Conclusion: FC is reliable for the detection of colonic mucosal inflammation in both UC and CD but is less sensitive and reliable in the detection of small intestinal CD.
Introduction
The inflammatory bowel diseases (IBD), ulcerative colitis (UC) and Crohn's disease (CD), are idiopathic, lifelong, chronic intestinal inflammatory conditions characterized by periods of remission and recurrent relapses. 1 These periods of relapse are typically unpredictable and without clear inciting factors. A subset of patients has persistent symptomatic disease without true clinical remissions. The main goal of medical therapy in patients with UC and CD is to achieve the effective and sustained suppression of intestinal inflammation and, in addition, to induce and maintain clinical remission. 2 Identifying patients at a significant risk of relapse during clinical remission or with active intestinal inflammation that is not reflected by other objective measurements might justify changes in maintenance therapy during symptomatic remission. 3 Diagnosis and monitoring of IBD rely on clinical, endoscopic, and radiological parameters. 4 One of the biggest challenges in the management of IBD is the prediction of relapse in patients in symptomatic remission prior to the onset of subjective symptoms. Ideally, this would be conducted without the use of invasive tests, such as colonoscopy, which can detect minor degrees of mucosal inflammation that appear to predict relapse.
Treatment strategies based only on presenting clinical manifestations have failed to modify the course of IBD. [5] [6] [7] [8] Furthermore, clinical disease activity indices, such as the HarveyBradshaw Index (HBI) and the Mayo clinical score, do not correlate well with endoscopic activity. 9 A significant proportion of patients in symptomatic remission demonstrate evidence of active mucosal inflammation at colonoscopy. Endoscopic mucosal disease activity has been shown to be one of the best predictors of clinical relapse, disease progression, and occurrence of complications. 10, 11 Previous studies suggested that fecal markers might fulfill all the criteria of being noninvasive, simple, inexpensive, markers to detect gastrointestinal inflammation. 12 Calprotectin is a calcium-binding protein that accounts for approximately 60% of the cytosolic protein in neutrophils and has antimicrobial and antiproliferative properties. 13, 14 As calprotectin is primarily derived from neutrophils, its concentration is directly proportional to the concentration of neutrophils in the colonic/rectal mucosa. 12, 14 It is resistant to bacterial degradation in the gut and is stable in the stool for up to 4 days at room temperature.
14 During intestinal inflammation, leukocytes invade the mucosa, resulting in an increase in the excretion of calprotectin into the stool. 13, 14 Several studies have compared fecal markers with disease activity indices and endoscopic/histological evaluations. [15] [16] [17] Previous studies have shown a good correlation between fecal calprotectin (FC) and endoscopic activity for UC, but studies examining CD have not consistently shown correlations with objective measures of intestinal inflammation. Recently published prospective data suggest that low FC levels predict endoscopic remission in postoperative ileal CD. 18 Our hypothesis is that FC is a good measure of colonic inflammation, irrespective of whether it is due to UC or CD, but is not as good a measure of small intestinal inflammation. 16, 19 The present study was designed to determine how reliably FC levels reflect clinical and mucosal disease activity in small intestinal CD, as compared to colonic CD and UC.
Materials and methods
Study population. Adult patients (18-75 years of age) with colonic IBD (colonic CD [Montreal classification L2] or UC) or isolated small intestine CD, ileal, and proximal small bowel disease (Montreal classification L1) 20 who were attending the Mount Sinai Hospital IBD Centre, a tertiary referral center, were identified and invited to participate at least 3 days before a scheduled ileocolonoscopy and cross-sectional imaging study (magnetic resonance enterography). All eligible cases had a definite diagnosis of IBD based on standard clinical, radiological, endoscopic, and histological criteria. Demographics and clinical information were obtained through chart review and patient interview. These patients had a documented ileocolonoscopy and cross-sectional imaging study (Magnetic Resonance Enterography [MRE]) as a part of routine follow-up in our institution or for the assessment of symptoms or possible disease relapse. Excluded patients included those with upper gastrointestinal CD involvement (L4), those receiving concomitant nonsteroidal antiinflammatory drugs, those with cancer, and those with acute or chronic enteric infections (e.g. Clostridium difficile). The study was approved by the institutional research ethics board at Mount Sinai Hospital.
Data collection. Clinical disease activity was recorded at time of endoscopic assessment by the HBI 21 for CD and the Mayo clinical score 22 for UC or IBD-U. Clinical activity was defined as HBI > 4 or Mayo clinical score ≥ 3. The Simple Endoscopic Score-CD (SES-CD) 23 and the Rutgeerts score 24 for postoperative CD subjects were used to assess endoscopic activity in patients with CD. All patients with isolated small intestine CD (L1) were assessed by ileocolonoscopy, C-reactive protein (CRP), and MRE. Radiographic evidence of activity was defined by the Magnetic Resonance Index of Activity, which incorporates wall thickness, relative contrast enhancement, edema, and ulcers, as previously described by Ordas et al. and Rimola et al. 25, 26 The Mayo endoscopic subscore 27 was used to assess endoscopic activity in UC (0 = normal 1 = mild, 2 = moderate or 3 = severe). Active endoscopic disease in CD was defined as SES-CD score ≥ 3 28 or Rutgeerts > i1. 24 CRP (mg/L) was also measured. Patients were instructed to collect the first stool in the morning for FC (μg/g) 2 days before preparation for colonoscopy, in addition to MRE. FC was measured from fresh stool samples using the Buhlmann Quantum Blue Calprotectin High Range immunoassay (100-1800 μg/g). 29, 30 FC values < 100 μg/g were considered to be normal. 3, 31, 32 Statistical analysis. Spearman's correlations, chi-square, binary logistic regression, and receiver operator characteristic (ROC) curve analyses were undertaken. For binary data, Fisher's exact test was used to determine significance, and the KruskallWallis test was used to compare continuous and ordinal variables between outcome groups. Preference was given to exact and nonparametric analysis in order to avoid assumptions of distribution in the collected data. Correlations between FC levels and defined clinical, endoscopic, and histological remission were calculated. Sensitivity, specificity, and ROC curve analyses were determined. Statistical analysis was performed using SPSS v 18.0 (IBM, Chicago, IL, USA). A P-value ≤ 0.05 was deemed to be significant.
Results
A total of 72 IBD patients-23 colonic CD, 14 isolated small intestinal CD (6/14 post ileocolonic resection), and 35 UC-were included. Table 1 displays patient characteristics for the total cohort. Age, gender, CRP, and proportion of patients with clinically active disease or endoscopically/radiographically active disease did not differ significantly among the colonic CD, isolated small intestinal, and UC group. Of the UC patients, 59% were clinically active (Mayo clinical score > 3) as compared to 53.2 and 62% who clinically active (HBI > 4) in the colonic CD and isolated small intestinal CD groups, respectively. Endoscopic disease activity (Mayo endoscopic score ≥ 1) was seen in 69% of the UC patients compared to 43% of patients with colonic CD and 70% of patients with isolated small intestinal CD patients who had endoscopic (SES-CD score ≥ 3, Rutgeerts > i1) and/or radiological evidence of active disease (P = 0.096). Clinical activity. For the entire cohort, the AUC for the use of FC in determining the presence of clinical activity (HBI > 4 for CD and Mayo clinical score ≥ 3 for UC) was 0.74 (95% CI [0.62-0.86]; P = 0.001). An FC cut-off value of 100 μg/g provided a sensitivity of 84% and specificity of 47%, and a cut-off value of 200 μg/g provided a sensitivity of 90% and specificity of 45%.
When stratifying the cohort by disease location, a distinct difference in the association with active disease became apparent. In UC patients, there was a significant correlation between FC levels and the Mayo clinical score, which excludes the endoscopic subscore (r = 0.63, P < 0.0001). In CD patients, there was a weak correlation between HBI and FC, but this was not statistically significant (r = 0.494, P = 0.11).
The AUC for FC and clinical activity index in the UC population was 0.83 (95% CI [0.70-0.97]; P < 0.001). The AUC for the clinical activity index in isolated small intestinal CD was 0.45 (95% CI [0.13-0.75]; P = 0.6), with sensitivity of 71% and a specificity of 47% for an FC cut-off value of 100 μg/g and 71 and 56 for an FC cut-off value 200 μg/g. The AUC for the clinical activity index in colonic CD was 0.72 (95% CI [0.49-0.95]; P = 0.09). A cut-off value for FC of 100 μg/g had a sensitivity of 80% and a specificity of 50% and 200 μg/g had sensitivity of 83% and specificity of 50% (Table 2) .
Objective activity. For the entire cohort, the AUC for FC for the presence of objective disease activity (Mayo endoscopic sub-score ≥ 1 for UC and SES-CD score ≥ 3 and/or radiographic evidence of activity in colonic CD and isolated small intestinal CD, respectively) was 0.91 (95% CI [0.82-1]; P < 0.0001) with a sensitivity of 92% and specificity of 80% for FC > 100 μg/g and 92% sensitivity and 70% specificity for FC > 200 μg/g.
When examining the correlation between FC and objective measurements of disease activity, there was also a distinction in relation to disease phenotype and disease location. There was significant correlation between FC levels and Mayo endoscopy subscore (r = 0.96 P < 0.001). The AUC for FC and endoscopic activity in UC was 0.97 (95% CI [0.91-1.0]; P < 0.001) (Fig. 1) . A cut-off value of FC 100 μg/g had a sensitivity of 88% and a specificity of 100%, and an FC of 200 had a sensitivity of 88% and specificity of 100% (Table 2) .
In colonic CD, there was also a significant correlation between FC level and endoscopic activity (r = 0.74, P < 0.001). The AUC for FC and endoscopic activity in colonic CD was 0.95 (95% CI [0.88-1.0]; P < 0.001). A cut-off value of FC 100 μg/g had a sensitivity of 100% and a specificity of 67% and 200 μg/g had 100% sensitivity and 60% specificity (Fig. 2) . For isolated small bowel CD, there was a poor correlation between FC and objective disease activity measured by endoscopy or imaging (r = 0.24, P = 0.2). The AUC in isolated small bowel CD for FC and endoscopic and/or imaging activity was 0.52 (95% CI [0.22-0.96]; P = 0.6) (Fig. 3) . A cut-off value of FC 100 μg/g had a sensitivity of 75% and a specificity of 50% and 200 μg/g had sensitivity of 75% and specificity of 47%.
Discussion
This study demonstrates that FC for the detection of mucosal inflammation in small bowel CD is not as reliable as it is in colonic CD or in UC patients. These results are in contrast with some previous studies that found FC to be a reliable noninvasive stool biomarker for both UC and CD patients. 16, 19, 33 In the last decade, there have been multiple studies supporting the use of FC as a noninvasive stool marker to monitor intestinal inflammation in patients with colonic or ileocolonic disease. 11, 19, 34 In 2011, Jensen et al. showed, for the first time, that FC is equally sensitive in CD disease affecting the small bowel and colon. 32 However, in that study, 60% of the patients provided a stool sample after ileocolonoscopy, which could have explained elevated levels of FC in CD patients as a result of bleeding or inflammation caused by biopsies taken during the procedure. 33 Furthermore, recent study by Cerrillo et al. showed that FC correlates with the degree of MRE inflammatory activity and with surgical pathology damage in ileal CD. 35 One caveat of that study was the heterogeneity of the CD population studied, and only 28 patients had confirmed histology results from surgical specimens. Furthermore, none of the 120 patients had an ileocolonoscopy. Unlike Cerrillo et al., in our study, all patients with colonic IBD and isolated small intestine CD (L1) were assessed by ileocolonoscopy and CRP. Moreover, when disease activity was evaluated by objective measures, FC (NPV biomarker) did not correlate well with disease activity in the small bowel CD population. However, when stratified by disease location, endoscopic activity significantly correlated with FC level in those with colonic CD with AUC 0.95 (95% CI [0.88-1]; P < 0.001)) but not with small intestinal CD activity with an AUC of 0.52 (95% CI [0.22-0.96]; P = 0.6). This finding is important because the majority of patients with CD have small bowel involvement and, in one-third of CD cases, there is isolated small disease. Unlike the findings in patients with colonic IBD, either UC, IBD-U, or colonic CD where FC is a sensitive and specific biomarker of mucosal inflammation, these results suggest that FC is not a reliable biomarker in small intestinal CD.
One explanation for these findings might be the differences in peristalsis and motility between the small and large intestines, with slower transit typically in the colon. This could impact the FC concentration by altering the degradation of calprotectin in the small intestine by proteases that are normally present in the small intestine but not in the large intestine. Another possible explanation may be the differences in the inflammatory disease burden between those with small and large intestinal inflammation. Some of the patients with isolated small intestinal CD had only a short segment of inflamed bowel and, as a result, potentially less loss of neutrophils and their contents into the intestinal lumen.
Our findings in colonic IBD support the current concept that FC correlates closely with endoscopic measures of disease activity in colonic IBD. More specifically, we showed that FC levels were higher with more severe colonic endoscopic disease (Kruskal-Wallis, P < 0.0001). Several studies have previously looked at the value of FC in IBD. In some of those studies, there was a disagreement regarding the FC "cut-off" value, especially when different CD locations were considered (L1, L2, L3). D'Haens et al. proposed a cut-off value of 250 μg/g for both CD and UC with specificity of 79% and sensitivity of 60% for predicting the presence of any mucosal inflammation in UC or the presence of more severe lesions, such as large ulcers, in CD. However, in CD, the use of FC was not as reliable as in UC for mucosal inflammation. 16 In addition, Sipponen et al. 19, 34 and D'Inca et al. 37 found that FC was correlated with SES-CD with a different "cut-off" value of 100 μg/g. In the present study, the FC test correlated well with clinical symptoms in UC but less well in colonic CD. The same phenomenon has been observed for the correlation between symptoms and endoscopic appearance. In UC, FC correlated with the Mayo clinical score, and this correlation was strengthened by the addition of the endoscopic subscore. Our results are in agreement with previous studies which also showed that, in UC, the subjective symptoms, such as rectal bleeding and stool frequency, reflect that endoscopic status and endoscopy contributed little to the Mayo clinical score. 38 In contrast, in CD, our results support the results of previous studies that found that disease activity indices in CD that are primarily clinical, such as HBI or Crohn's Disease Activity Index, are not entirely reflective of objective disease activity and mucosal inflammation. 15, 16, 39 Our results also support previous studies which found that FC correlated well with endoscopy and mucosal inflammation but not as well with subjective clinical indices in colonic CD. 15, 16, 40 Taken together, these results suggest that FC may be a useful noninvasive biomarker in colonic IBD and that its use might decrease the need for invasive procedures in patients where an objective means of assessing mucosal inflammation is needed.
Our study had several limitations. First, the sample size of this study for both UC and colonic CD was small. A larger sample size would have allowed for a more precise estimation of the reliability of FC in each of the disease subtypes studied. Secondly, the cross-sectional imaging, MR enterography, was only performed in those patients who had known isolated proximal small intestinal involvement (n = 14) and/or elevated hs-CRP and/or FC in the absence of disease activity during ileocolonoscopy.
In summary, FC is reliable for the detection of colonic mucosal inflammation in both UC and colonic CD but is less sensitive in small intestinal CD. Further evaluation is required to confirm this finding and determine whether specific features of small intestinal disease may either permit or preclude the use of FC as a useful noninvasive tool that can be used to assess inflammatory disease activity in this context.
